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INTRODUCTION
─

Delirium, an acute and fluctuating disturbance of consciousness and cognition, is a common manifestation of acute 

brain dysfunction in critically ill patients, occurring in up to 80% of the sickest intensive care unit (ICU) populations1,2. 

Despite being heavily researched, currently very little is understood about the underlying pathogenesis of delirium: 

no biomarkers have been identified, no animal models of delirium exist, and no consistent pathophysiological 

explanations have been advanced.

The so-called “glial-lymphatic system” or perivascular space (PVS) is 

complex waste clearance system in the human brain3. Cerebral 

glymphatics clear cellular debris and poorly soluble metabolic wastes from 

the brain through perivascular channels of cerebrospinal fluid (CSF)3. 

We observed that many of the known risk factors for delirium are also 

known to impair glymphatic clearance including critical illness, sleep-wake 

disturbances, benzodiazepines, opiates, and mechanical ventilation3,4,5. 

We investigated the glymphatic system of the brain as a potential 

unexplored pathophysiological explanation of delirium. 
Image source: Nedergaard and Goldman (2020)



OBJECTIVES
─

We conducted a retrospective observational brain imaging 

study to investigate the glymphatic system as potentially 

implicated in delirium.



METHODS
─

We searched provincial imaging and clinical records for Alberta from 2014-2019 to identify ICU patients who received 3T 

MRI study including 3D-MPRAGE T1 & T2 scans. Exclusion criteria included obvious anatomical abnormalities, 

neurological conditions associated with potential structural abnormalities, or lack of delirium score data in the 

anonymized clinical records.

Anonymized MRI images, Intensive Care Delirium Screening Checklist (ICDSC) scores, and basic demographic 

information were obtained for the eligible patient encounters. For PVS quantification and mapping, a blinded-researcher 

combined T1- and T2-weighted MRO data using a Frangi filter to identify PVS voxels. We then parcellated white matter 

(WM) and used this data as a mask for PVS analysis. PVS and WM volumes were extracted across the WM regions, 

and parcellated based on Desikan-Killiany. The total PVS-white matter ratio was then calculated from these two values.

Linear regression was performed once on whole-brain data to identify demographic and ICDSC criteria that should be 

explored in the parcellated data. Shapiro-Wilk test for normality was performed to identify non-parametric data. A student 

t-test was used to compare parcellated PVS data between unmatched groups for parametric data and the Wilcoxon rank 

sum test was used for non-parametric data. All p-values were 2-sided and considered significant at <0.05 and the 

Benjamini-Hochberg method was adopted to correct for multiple comparisons. 



RESULTS
─
A total of 67 ICU patients were identified with the necessary 3T MRI data. 37 

patients were excluded due to exclusion criteria, leaving 30 patients in the final 

analysis. Age, disorientation score, & fluctuation score were identified as variables of 

interest in the unparcellated regression and were considered for further analysis. Of 

these variables, only ICDSC fluctuation score had a significant correlation in whole 

brain data, therefore it was selected for parcellated brain analysis. Notably, total 

ICDSC score had very poor correlation with the unparcellated whole-brain PVS data.

Volume-adjusted PVS size was significantly correlated 

with ICDSC fluctuation scores in several brain regions, 

particularly posterior temporal regions. The strongest 

correlations were observed in the right inferotemporal 

gyrus (p = 0.0078), the right supramarginal gyrus (p = 

0.0136), the left supramarginal gyrus (p = 0.0033), the 

left middle temporal gyrus (p = 0.0052), and the bank 

of the left superior temporal sulcus (p < 0.0001).
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CONCLUSION
─

Identifying a physioanatomical correlate of clinical delirium is the first potential step in 

the development of more effective treatments for delirium. Our study found a highly 

significant correlation between fluctuating symptoms — one of the hallmarks of delirium 

— and white-matter adjusted perivascular spaces. Furthermore, the physioanatomical

phenotype has a plausible biological relationship to the clinical phenotype.

This is the first study to identify a potential role of the glymphatic system in delirium. 

Prospective replication of these findings would provide stronger support for a 

pathophysiological role of glymphatic dysfunction in hallmark symptoms of delirium. 

Further study of the potential role of the glymphatics system in delirium are needed. 
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